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Abstract. Dwarf galaxies in the Local Group provide a unique astrophysical laboratory. 
Despite their proximity some of these systems still lack a reliable distance determination 
as well as studies of their stellar content and star formation history. We present first results 
of our survey of variable stars in a sample of six Local Group dwarf irregular galaxies. We 
describe observational strategies and data reduction, and discuss the lightcurves of newly 
found and rediscovered 6 Cep stars in DDO 216, Leo A and GR8. Based on these data, 
we present newly derived independent Cepheid distances. Other variable stars found in our 
survey are discussed in a related article of this volume (Snigula et al.). 
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1. Introduction 

The main aim of the Wendelstein (WST) 
monitoring project is to determine num- 
bers and properties of the bright variable 
stars in six northern dwarf irregular galaxies: 
LGS 3 (Pisces), UGCA 92 (EGB 0427+63), 
DDO 69 (Leo A), DDO 155 (GR8), DDO 210 
(Aquarius), and DDO 216 (Pegasus). Those 
will be used to put further constraints on their 
stellar c ontent, and thus on their evolutionary 
history, ( Snigul a et aill2004 Snigula et al. this 
volume) and for distance estimates. Here we 
present the results of our survey for classical 
Cepheids in Leo A, DDO 216, and GR8. We 
derive distance moduli and compare them with 
recently published ones. 
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Table 1. Epochs per filter, telescope and object. 
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2. Observations 

The relatively small 0.8 m Wendelstein tele- 
scope has the necessary long-term availability 
for monitoring projects (i.e. 130 clear nights 
per year, unrestricted access). Although the 
telescope does not take full advantage of the 
good (<K 1") seeing quality of the site, we 
regularly obtain images of 1 to 1.5" FWHM 
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Table 2. Parameters of our 6 Cep stars: identifier, position, most significant Lomb period, significance 
(p-level), flux averaged apparent i?-band magnitude, RMS error of i?-band magnitude. Error of period SP < 
O.Old. V01 to V05 = • and V06 to V07 = A in Fig.0 P01 to P03 = • and P04 to P06 = A in Fig.0 
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Fig. 1. Phase convolved i?-band lightcurves for the S Cep stars used to derive the distance moduli. ■ = 
Wendelstein 0.8 m, • = Calar Alto 1.23 m, + = measurements having S/N < 1 obtained at either site, all 
plotted with lcr error bars. Top: Leo A, bottom: DDO 216. 



(Riffe seretafll2001l) . The Wendelstein obser- 
vations, starting with test observations in 1999, 
sparsely sample a five year interval in R and B 
filter bands. We added observations in the R, 
B and /-bands, obtained with the 1.23 m tele- 
scope at Calar Alto (CA) observatory (Tab.^. 
The Wendelstein data are used to find vari- 
able sources and to determine their periodic- 
ities, while the CA data, if present, serve as 
an independent consistency check. The typical 
limiting magnitude of an individual exposure 
is about R ~ 22.5 (M R = -2.0 for Leo A, 



M R = -2.5 for DDO 216, M R = -4.0 for 
GR8, respectively). Thus, we have access to 
all kinds of red long period variable stars, blue 
and red irregular variables, and also Novae and 
Supernovae but so far none of either type of ex- 
ploding stars were detected. RR Lyr stars are 
certainly too faint, while classical 5 Cep stars 
are well within the limits of our data. Tab. ^ 
displays the number of collected and reduced 
epochs so far. We restrict the results presented 
in this article to periods of P < 130 days, the 
longest period values known for 5 Cep stars. 
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3. Data Reduction 

All images were bias subtracted, flat-fielded, 
and cleaned of particle events. After an astro- 
metrical alignment signal-to-noise maximis- 
ing stacks per night were built. For ev- 
ery stack, representing an epoch, a differ- 
ence image against a common deep reference 
frame was c reated apply ing an implementation 
<Gossl & RiffeseJl2002l 120031) o f the Alard al- 
gorithm ( Alard & Luptoi il998l) . These differ- 
ence images were finally convolved with a stel- 
lar PSF. Our codes propagate individual pixel 
errors through every step of the data reduction. 

We find variable star candidates by first 
building a (cumulative) mask frame count- 
ing where and how often individual difference 
frames deviate from zero by at least lcr (i.e. 
propagated error). For all candidates indicated 
by this variability mask, a lLombl ill 9761) algo- 
rithm in the interpretation from lScargld i 1 9821) 
is used to search for periodic signals. 

To get rid of false and problematic clas- 
sifications we apply rigorous se lection cri- 
teria. (See detailed discussion in iHopp et ail 
120051) . Finally we fit the /?-band period lumi- 
nosity relation (PLR) for fundamental mode 
(FM) LMC Cepheids M R = -3.04(logP - 
1.0) - 4.48[±0.25] of Ma dore & Free dman 
corrected for galactic extinction follow- 
ing Schlee el et al.l (11998) to the remaining can- 
didate^) of each object. Tab. |2]lists the found 
6 Cep stars, Fig. [2 and 0] show the lightcurves 
of all stars used for the distance moduli. 




log ( P[d] ) 



Fig. 2. PLR for Leo A. Solid line: Best fitting R- 
band PLR for FM LMC Cepheids of V01, V03, and 
V04 (Tab. E}, extinction corrected by A R = 0.055: 
24.47 ± 0.10 ± 0.06zp. V02 is disregarded as being 
brightened by crowding, V05 for being beyond the 
scope of the applied PLR. Dotted lines: Propagated 
error of the fit. Dashed lines: Error of the PLR. «a: 
6 Cep stars of Tab. |2] +x: Ad d. 6 Cep candidates 
described in Ho dd et all 120051) . 



ISchulte-Ladbeck et alt s even deeper HST data 
allowed the detection of red horizontal branch 
stars and concluded that they and the TRGB 
are in better agreement with m-M — 24.5+0.2. 



4. Results 

4.1. LeoA 

For Leo A we find a distance modulus 
of m - M = 24.47 + 0.10 + 0.06 ZP 
(Fig. |3 which is con s istent with the find- 
ings o f iDobhin et alJ (120021). iTolstov et all 
( 1998 ), and ISchulte-Ladbeck et alJ (120021) . 
Dolph hTet al.l searched for RR Lyr stars in 
Leo A and d erived m - M = 24.51 ± 0.12. 
ITolstov et alJ used a combination of ground- 
based and HST data to derive a tip-of-the-red- 
giant-branch (TRGB) distance of m - M - 
24.5 ± 0.2. They also used red clump stars 
yielding a discrepant m-M = 24.2 + 0.2. 



4.2. DD0216 

Fitting the iMadore & Freedman FM PLR to 
P02, P03, and to P01 (the latter with a dou- 
bled period, see below) we derive a distance 
modulus of m - M = 24.92 ± 0.20 + 0.06 Z p 
(Fig-EJ for the Pegasus dwarf irregular. P01 to 
P04 are four out of six candidates alread y in- 
dependently proposed bv lApariciol lll994l) . He 
could not provide any period solutions lacking 
a sufficient number of observed epochs. U sing 
HST imaging data (Gallag her etail fl 998) we 
find P04 to be artificially brightened by crowd- 
ing while P01 seems to be pulsating in the 
1 st overtone mode. We confi rm the TR GB dis- 
tance m - M — 24.9 + 0.1 of Aparicio. 



4 



C. A. Gossl: 6 Cep Stars in Northern Dwarf Irregular Galaxies 




log ( P[d] ) 

Fig. 3. PLR for DDO 216. Central solid line: The 
R-band PLR for FM LMC Cepheids extinction cor- 
rected by A R = 0.176. Upper solid line: l sl overtone 
PLR assuming a -0.92 mag offset to the fundamen- 
tal mode relation. Lower solid line: Type II PLR as- 
suming a +1.5 mag offset to the fundamental mode 
relation of classical S Cep stars. Best-fitting PLR of 
P01, P02, and P03: 24.92 ± 0.20 ± 0.06 ZP . Dotted 
lines: Propagated error of the fit. Dashed lines: Error 
of the PLR. «a: S Cep stars of Tab.fJl +: Add. 6 Cep 
candidates matching most, but not all of our selec- 
tion criteria. 
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Fig. 4. Phase convolved /?-band lightcurves for the 
6 Cep star in GR8. Symbols see caption FigQ 

4.3. GR8 

In GR8 we only find one 5 Cep star with ra« 
2 1. 47 i 0.07 and /' = 15.44d (Fig. gj. We derive 
a distance modulus of m - M — 26.45 + 0.07 + 
0.06zp(±0.25plr) taking into ac count a galac- 
tic e xtinction of Ar - 0.07 dSchlegel et alJ 
1998). Since this distance is based on a single 
detection the full intrinsic scatter of the PLR 
has to be considered as an additional uncer- 



tainty. This 5 Cep star had alre ady been dis- 
covered by iTolstov et alJ d 19951) with m <r> - 
22.12 and P = 16.166d. They derived a dis- 
tance modulus of m — M = 26.75 + 0.35 which 
Dohm-Pal mer et al.l lll998l) claim to be consis- 
tent with their HST based TRGB observations. 

5. Summary 

We confirmed by independent discoveries and 
measurements of 6 Cep stars recently de- 
rived distance moduli of the three Northern 
Local Group dwarf irregular galaxies Leo A, 
DDO 216, and GR8. 
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